Due to its limiting factor of the cycle-life on Zn-polyaniline (PANI) rechargeable battery, the surface morphology and electrochemical properties have been extensively investigated. However, there are no studies that found on the chemical structure of PANI electrode before and after used in the battery with spectroscopy. Here, the Zn-PANI Battery was tested through a 60-cycle discharging process using 10 mA fixed current. The Open Circuit Voltage (OCV) at this condition was ± 1.3 V. The Raman spectra at 488 nm on PANI discharge showed increasing intensity at 1495 cm -1 υ(C=N). Furthermore, the new peak appeared on the band at 1212 cm -1 υ(N=Q=N) and 1166 cm -1 υ(C-H), related to mode on the benzenoid ring. This investigation indicated the formation of Emerald in Bases (EB), caused by the consumption of protons by Zn metal during the filling process.
INTRODUCTION
Studies of applications the conductive polymers such as polyaniline (PANI) has been very interesting and attractive in electronic devices due to its easy to synthesis, high conductivity, unexpensive material, stability in aqueous solutions, stability in high temperature and good redox reversibility. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] For its applications are reported to be promising materials for future technologies, such as rechargeable batteries, sensors, conductive paints, corrosion avoidance, electrocatalysis, solar cell, extraction, and capacitors. PANI can be synthesized in among of isolation form such as fully oxidized Pernigranilin Base (PNB), semi-oxidized Emeraldine Base (EB), and fully reduced Leucomeraldine Base (LEB). 13, 14 Of these three forms, the most stable and widely observed is EB form because the conductivity can be adjusted from 10 -10 -100 S.cm -1 by protonated with acid doping. 16 Furthermore, PANI can also be oxidized spontaneously in the aqueous acidic solutions, which is very proper for the capacity recovery of the battery. Therefore, the aqueous batteries of the PANI synthesized have been extensively studied. 16, 20 The considerable interest of PANI-base batteries development has accelerated, typically, aqueous Zn-PANI batteries composed of a zinc anode and PANI cathode with aqueous electrolyte consist Zn 2+ ion in Triton X-100 as a surfactant. In comparison with classical batteries, these batteries indicate a lot of benefit such as: ecological acceptability, the stability of redox reaction, low cost, and easy fabrication. However, Zn-PANI rechargeable battery denotes a degression in capacity during charge-discharge cycling process, there is very little experimental information on how this limitation can occur. 15 The effect of inhibitors on Zn-dendrite formation for Zn-PANI secondary battery has been investigated. These results show that Triton X-100 can effectively prevent Zn-dendrite growth during charge-discharge A RAMAN SPECTROSCOPY STUDY OF THE POLYANILINE ELECTRODE Said Ali Akbar et al.
cycles process of the Zn-PANI battery with an acid medium and give longer cycles. So, It is possible that Triton X-100 can be contributed as an effective additive in the rechargeable Zn-PANI batteries. 12 Than, the electrochemical and surface analysis techniques to investigation affect the cycle-life of a Zn-PANI secondary battery have proposed that zinc passivation can significantly reduce the battery capacity. It arises that the kinetics of Zn passivation is faster than PANI electrochemical degradation. Consequently, Zn passivation is the main determinant of the cycle-life of Zn-PANI secondary batteries. 19 However, there is no information investigated the bonding structure of the PANI electrode before and after is used as a battery. In the work reported here, we have observed the factors that affect the cycle-life of a Zn-PANI secondary battery by means of Raman spectroscopy techniques on PANI electrode.
EXPERIMENTAL Material
The aniline monomer (Aldrich, 99.5%) was distilled under vacuum, ammonium peroxydisulfate (APS) was purchased from Sigma Aldrich, 37% hydrochloric acid (HCl), graphite sheet (GS), ammonia (NH3·H2O), acetone, zinc chloride (ZnCl2), Dimethyl acetamide (DMAC), Triton X-100, and Whatman filter paper No. 42. Doubly-distilled water was used in all experiments area of deposition. Furthermore, the solution was introduced into the cell with 3 electrodes, Pt metal as a counter electrode, GS as the working electrode, and Ag/AgCl (in saturated KCl solution) as the reference electrode. The polymerization process is carried out at a constant voltage of 0.7 V using Gamry Reference 3000 for 15 minutes. [10] [11] The coated electrode with PANI was washed with distilled water and acetone to remove oligomer that formed on the surface until the filtrate became almost colorless. The oligomer is possible to decrease the conductivity of polyaniline. 15 The resulting emerald polyaniline was obtained and rinsed with 1 M HCl to perfect doping again and dried at 70 °Cin vacuum oven overnight. [17] [18] The amount of the deposits can be simply determined by weighting the electrode before and after the deposition process. It is of importance to determine the exact mass of the electroactive material for the estimation of the specific capacity of the battery. 
Fabrication of Zn|ZnCl2(Electrolyte)||PANI-Cl|GS Batteries
The discharge process is performed for battery performance testing. The battery system configuration consists of Zn|ZnCl2(electrolyte)||PANI-Cl|GS. In this case, PANI as cathode and zinc metal as the anode. The filter paper is used as a separator which is injected with 1 M ZnCl2 electrolyte with adjusted pH with 0.5 M NH4Cl. The Triton X-100 surfactant is also added to the electrolyte to prevent the formation of dendrites in zinc. 12 This process uses a fixed current of 10 mA for 60 cycles. The cut off on the charging process is 1.57 V, while the emptying process is 0.7 V. The precondition is carried out at the beginning of the cycle with a 1.65 V charging cut off, and 0.1 V discharging. This precondition aims to maximize the reaction occurring at PANI electrode.
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Detection Method
The PANI of the synthesis was characterized by FT-IR spectroscopy, PANI in press together with KBr to form PANI pellet in KBr matrix, then analyzed by Bruker Alpha FTIR, with a range of wave number 4000 -550 cm -1 and scanning counted 16 times. PANI is also characterized by UV-Vis using Thermo Scientific Evolution 220 Series UV-Visible Spectrophotometer, with a wavelength range of 300 -1100 nm in Dimethyl acetamide (DMAC) solvent. 19 Raman spectroscopy studies were performed on PANI before and after use as battery electrodes. The sample was measured by the Raman Bruker Senterra spectrometer and focused so that the right rays illuminated the sample. The measuring conditions use a laser with a wavelength of 488 nm (blue), with 4 mW power, MPlan 20x (short focal) and high resolution (grating 1200 grooves/cm) and a measuring x4 time of 10 s.
A RAMAN SPECTROSCOPY STUDY OF THE POLYANILINE ELECTRODE
Said Ali Akbar et al.
RESULTS AND DISCUSSION
Characterization of PANI
The results of the FT-IR measurements of PANI synthesized are shown in Fig.-1 . The bands at 1562 and 1479 cm -1 corresponds to the stretching modes of υ(C=C) strain on the quinonoid ring and υ(C=C) on the benzenoid ring. 13, 19 The peak at 1479 cm -1 , seen slightly higher than at 1560 cm -1 . This shows that the synthesized polyaniline has a greater number of benzenoid rings than the quinoid rings. Furthermore, the peak on the area of 1302 and 1246 cm -1 assigned to υ(C-N) stretching of secondary aromatic amine and υ(C-N + •) stretching on the polarone lattice. 20 The peak at 1140 cm -1 is assigned to υ(Q=NH+-B) or υ(Q-NH•+-B) stretching, the region of PANI intensity is higher than PANI EB. Hence, the FT-IR spectrum corresponds to well-doped PANi-ES. Absorbance (a.u) W a v e l e n g t h ( n m ) P A N I E S S y n t h e s i s P A N I E B S t a n d a r t 
Battery Performance
For charge-discharge cycling process of the Zn-PANI battery, a constant-current mode at 2.5 mA cm -2 was chosen. The open circuit voltage (OCV) and the first discharge specific capacity over pH 3.0-6.0 was given in Table- When increasing of pH, the OCV and the first discharge specific capacity decline due to the decreased electrochemical activity of PANI. On the other hand, zinc electrode easily experienced corrosion in the pH lower than 4.0. So, the interval of pH 4.0-5.0 is considered as the compatible pH range for the electrolyte. Scheme-1 schematically displayed the reactions take place during the charge-discharge process of the Zn-PANI battery.As is obvious, when the battery is charged, the oxidized form of PANI is occurred along slowly increasing the voltage. Due to its degradation produced electrochemical inactive form when oxidation was completed, the charging process should be terminated with cut-off voltage (COV) reaching at 1.57 V. This issue corresponded with overcharge leading to irreversible changes (electrochemical inactive form) in the chemical composition of the polymer. 20, 23 When the battery was discharged at constant current, the voltage falls slowly and the oxidized form (emeraldine salt) of PANI changed completely to the reduced form (leucoemeraldine). Thereafter, the voltage decreases rapidly and COV for the discharge process was 0.70V. Based on the discharging results ( Fig.-4) , the Zn-PANI battery shown a specific capacity of 179. electrochemical degradation of PANI. 21 At the 60 th charge/discharge cycle, the coulombic efficiency still keeps at 95.69%, and its increases by 2.42% compared with the 1 st cycle in Table- 2. This means that the battery has a quite good recharge performance. . Working Voltage Range from 1.57 to 0.70V.
Raman Analysis
In Fig.-5 , the Raman shift is mainly characterized by an intense band around 1495 cm -1 which can be attributed to the υ(C=N) stretching modes of semiquinoid units. 22, 25 This band increases when the battery has been used. This character of the emeraldin base (EB) on the PANI electrode after use in the battery was reached. The formation of EB can occur because ES lose protonation. In addition, in the band at 1188 cm -1 seen almost happened peak separation, this area is the vibration of υ(C-H) benzenoid. 17, 18, 23 Furthermore, regeneration of HCl in PANI electrode displays a decrease in the intensity of the Raman shift in the area. This proved the true event of protonation loss when PANI battery is used. In order to observe this better, the Raman spectra were measured on EB form in other to see differences significant differences through different pathways. To investigate further about this region, Raman studies were carried out on EB standard to compare with PANI electrode after using on battery (Fig.-5) . The difference Raman shift of EB displayed changing contrastly through both bending and stretching areas. In the most interesting, bending area on the band at for PANI-Cl treatmentcorespondedwith a torque change from υ(C-N-C), this vibration mode will undergo direct pertubation due to doping entry. 12 It is seen that this mode undergoes softening once the protonated imine group resulted in a change the conformation of the quinonoid to semi quinonoid ring. The softening υ(C-N-C) torque strongly supports the long-range excitation of electrons in the ring that engaged in the conduction process. In addition, the change of the quinonoid to semi quinonoid ring as well marked the loss of the vibration peak at a shift of 771 cm -1 in EB due to its deformation in the field of quinonoid rings no longer observed on the PANI-Cl (treatment and after) spectrum, next the PANI-Cl spectrum occurs an increase in intensity on the band at 817 cm -1 wagging ring is reached. 14 1600 1400 1200 1000 800 600 400 is a vibration of υ(N=Q=N) and υ(C-H) on the benzenoid ring. 19, 20 Loss of protonation on the PANI, is possible to occur during the charging process due to its the process of filling with oxidizing of leukoemeraldine to emeraldie. 21 Meanwhile, in the charging process, the PANI electrode was positively polarized so that protonation was potential easy to remove. The protonation loss was consumed by Zn metal, so PANI will lack the proton. At regeneration again, the decreases intensity on the band at 1495 cm -1 indicated that the vibration of the υ(C=N) bond was not so noticeable because of the resonance-stabilized process of the polaron (Fig.-5) .
CONCLUSION
The result of Raman analysis on PANI electrode before and after use in Zn-PANIbattery, showed an increased intensity the band at 1495 cm -1 . This band corresponded with stretching mode of the υ(C=N) bond. The new peak also appears on the band at 1212 and 1166 cm -1 which is the vibration of υ(N=Q=N) and υ(C-H) on the benzenoid ring. This indicates the formation of emeraldin bases (EB) caused by the consumption of protons by Zn metal during the charging process. This fact was evidenced by decreasing the peak intensity through regenerated the PANI electrode using HCl.
